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COMPARATIVE  DESIGN  FOR  A  HIGHWAY  BRIDGE. 

I.     PURPOSE  OF  THESIS. 

The  purpose  of  this  thesis  is  a  comparative  study  of  a  rein- 
forced concrete  "bridge  already  in  place,  and  a  steel  structure  to 
be  designed  for  the  same  site.     It  was  originally  planned  to  employ 
a  steel  structure,  "but  circumstances,  unforeseen  at  that  time, 
arose  and  caused  the  concrete  bridge  to  be  more  desirable.     Thus  a 
comparative  study  of  the  two  classes  of  bridges  for  this  site  is 
of  more  than  passing  interest. 

II.     THE  BRIDGE  SITE. 

The  site  is  along  Spring  Creek  about  one  and  one-half  miles 
outside  of  the  city  limits  of  Springfield,  Illinois.     This  water- 
way is  a  shallow  stream,  carrying  a  comparatively  large  quantity 
of  water  during  the  spring  season  only. 

The  concrete  structure  in  place  is  of  the  girder  type.  The 
material  is  a  gravel  concrete  of  the  following  proportions,  1  part 
cement,  2  1/2  parts  sand,  and  4  parts  gravel.    The  substructure 
and  floor  were  placed  in  the  late  fall  of  1910;  but  as  cold  weather 
overtook  the  work,  it  was  suspended  for  the  winter  and  the  girders 
added  in  the  following  spring. 

The  design  was  made  by  the  Engineering  Department  of  the 
Illinois  State  Highway  Commission,  and  is  shown  in  Plates  I  and  II. 
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III.     INVESTIGATION  OF  PRESENT  STRUCTURE. 


Art.  I.  Loads. 


The  dead  load  consists  of  the  weight  of  the  structure  and 
the  macadam  used  as  floor  covering.     Gravel  concrete  will  he  taken 
at  145  pounds  per  cubic  foot  and  macadam  at  90  pounds  per  cubic 
foot  as  given  hy  Professor  I.  0.  Baker,  and  earth  at  100  pounds 
per  cubic  foot.     The  macadam  will  be  assumed  to  contain  50  per  cent 
of  voids  and  the  earth  35  per  cent  of  voids. 

For  live  loads  the  same  values  as  employed  by  the  designers 
will  be  used,  viz.,  a  uniform  load  of  125  pounds  per  square  foot 
or  a  concentrated  load  of  24  tons  on  two  axles  10  feet  apart,  with 
16  tons  on  the  rear  and  8  tons  on  the  front  axle.     The  latter  load 
is  assumed  to  be  applied  over  a  width  of  12  feet. 

Art.  2.     Estimate  of  Material. 

With  unit  weights  of  materials  as  given  in  Art.  1  and  dimen- 
sions as  shown  in  Plate  I,  the  weight  of  the  concrete  and  steel 
have  been  computed  and  are  given  in  Tables  I  and  II. 

The  cross— sect ional  area  of  the  macadam  roadway  was  computed 
by  trigonometrical  formulae  from  the  dimensions  given  in  Fig.  1. 


This  gives  a  volume  of  100 


unit  weight  of  macadam  as  given 


the  entire  roadway.    Using  the 


cubic  yards  as  necessary  for 


Fig.  I. 


in  Art.  1,  the  weight  per  lineal 


Cross-section  of 


foot  of  roadway  is  found  to  be 


Roadway  Covering. 


1,620  pounds. 
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Table  I. 
WEIGHT  OF  CONCRETE. 


Part  of 
Structure 


Girders 
Floor 
Railings 


Abutment ,  Uorth 
Footings 
Bodies 
Posts 
Curtain  wall 

Abutment ,  South 
Footing 
Bodies 
Posts 
Curtain  wall 

Pier,  Forth 
Footing 
Body- 
Coping 
Posts 

Pier,  South 

Footing  . 
Body- 
Coping 
Posts 


Volume 
Cu.  Yds. 


Weight 
Pounds 


Superstructure 


195.2  7.64,200 
156.0  610,400 
10.0  39,200 


Substructure 


13.3  52,100 

4.1  16,100 

6.7  26,200 

2.1  8,200 


16.8 
4.3 
3.7 
2.1 


21.0 
32.3 
6.5 
3.3 


21.0 
32.3 
6.5 
4.3 


65,800 
16,800 
14,500 
8,200 


82,200 
126,500 
25,400 
12,900 


82,200 
126,500 
25,400 
16,800 


Totals. 


Volume 
cu.  yds. 


361.2 


26.2 


26.9 


63.1 


64.1 


Total  superstructure,   361.2 

Total  substructure,   180.4 

Grand  total  541.6 


Weight 
Pounds 


1,413,800 


102,600 


105,300 


247,000 


250,900 
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Table  II. 
WEIGHT  OP  STEEL. 


Mark 


al 

3 

c+c 


04 

c5 
Q6 


h 
k 
t 


Ho. 


Size 
in. 


122 
122 
122 
60 
314 
54 
6 
6 
6 
6 
6 
6 


8 
8 
8 
8 
16 
16 
12 
44 


1 
1 
1 

3/8 
3/4 
1  1/4 


H 
n 

Tt 
Tf 
tt 
ft 


3/4 


1/2 


Length 


Ft. 


in. 


Volume 
Cu. in. 


Superstructure 


22  8 

25  2 

31  4 

47  9 
14  6 

48  9 

51  0 

52  0 
52  0 
48  0 
44  0 
40  0 


Substructure 

20  0 

14  0 
12  6 

15  0 

16  6 
24  0 
24  0 

5  0 


33,184 
36,844 
45,872 
4,830 
30,741 
49,356 
5,737 
5,850 
5,850 
5,400 
4,950 
4,500 


1,080 
756 
675 
810 
1,782 
2,592 
864 
660 


Weight 
Lbs. 


9,391 
10,427 
12,982 
1,366 
8,700 
13,968 
1,623 
1,656 
1,656 
1,528 
1,400 
1,272 


308 
214 
191 
229 
504 
733 
244 
186 


Grand  total, 


Total 
Weight 

Lbs. 


65,969 


2.609 


68,578 


Art,  3.     Investigation  of  the  Girders. 
The  girders  are  not  continuous    fixed  "beams.     Both  continuity 
and  fixity  are  wholly  destroyed  since  over  each  intermediate  sup- 
port there  is  an  expansion  joint  and  the  steel  is  not  continued 
from  one  girder  to  the  next.    TChen  the  posts  or  columns  had  "been 
"built  up  to  the  girder  line  several  layers  of  thick  paper  were 
placed  on  top  and  the  girder  then  poured.    This  paper  prevented 
"bonding  of  post  and  girder. 

Since  the  center  span  is  the  longest,  it  alone  will  "be  con- 
sidered in  this  discussion.    The  notation  used  in  the  following 
computations  is  the  same  as  that  found  in  Turneaure  and  Maurer's 
"Principles  of  Reinforced  Concrete  Construction". 

The  dead  load  per  lineal  foot  of  girder  is  computed  as  fol- 
lows,  (see  Plate  I  for  dimensions  and  Article  2  for  quantities): 

Railing,     610,400  2  x  141        .         .        =  2,169  lbs. 

Floor,  764,200  -t-  2  x  145  .  .  -  2,635  " 
Macadam,     18  x  90  — *—  2  .  810  " 

Earth,        0.35  x  18  x  100  -s-  2     .        .  315  n 

Water,        0.35  x  0.30  x  18  x  62.5  — *-  2        =        59  " 

Total  dead  load,  5,988  " 
Since  this  is  very  near  6,000  pounds  per  lineal  foot,  the  latter 
will  be  used. 

The  uniform  live  load  per  lineal  foot  is  as  follows: 
125  x  19.33  -t-  2  =  1,210  lbs. 

The  following  diagrams,  Plates  III  and  IT,  show  the  moment 
and  shear  curves  for  dead  load  and  both  uniform  and  concentrated 
live  loads.    All  necessary  values  of  either  moments  and  shears  in 
this  discussion  will  be  taken  directly  from  the  diagrams. 
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Investigation  of  Girder. — Using  dimensions  as  shown  in  Fig.  2,  the 
amount  of  reinforcement  is  found  to  he  1.05  per  cent. 


r 


b  =  23 


ii 


Jj'a  . 


Fig.  2. 
Cross— section 


Assuming  the  ratio  of  moduli  of 
elasticity  of  steel  and  concrete  to  he 
15,  and  using  relations  as  given  in 
Turneaure  and  Maurer's  "Principles  of 
Reinforced  Concrete  Construction",  the 
ratio  of  the  depth  of  the  neutral  axis 
below  the  top  to  "d"  is  found  to  he 
0.45.     Then  kd  is  0.45  x  80  =  36.0 
inches.     Since  kd  is  larger  than  "t", 
the  neutral  axis  lies  in  the  web. 

By  the  usual  formula,  "z",  (the 
depth  of  resultant  pressure  below  the 
top  of  flange),  is  9.31  inches. 


of  Railing. 

The  arm  of  the  resisting  couple,  "jd"  is  d  -  z  =  70.69  inches. 
By  the  relation,  M8  =  fgAjd,  the  unit  stress  in  the  steel  is  found 
to  be  as  follows: 

fs  =  24,918,000  -f  (2340  x  70.69) 
=  15,000  pounds  per  square  inch, 

where 

MQ  is  24,998,000  pound-inches  as  given  in  Plate  III. 
s 

By  the  use  of  the  formula, 

and  the  same  value  of  bending  moment  as  given  above,  the  unit  stress 

in  the  concrete  is  found  to  be  as  follows: 

f    -  24.918,000 
0      28  x  22  x  0.70 

=  825  pounds  per  square  inch. 


Necessary  Lengths  of  Rods  to  take  oare  of  Bending  Moment » — The 
necessary  lengths  of  the  rods  to  resist  the  moment  are  given  by  the 
formula, 

Xn  =  ~7K  +  a2  » 

where 

1    =  total  span; 
A    =  area  of  steel; 

a,  =  area  of  rod  under  consideration  and  all  those  above  it. 


1 
! 

V    24"  \    24'\^  ^',S\  \ 

<72                  \.<^      Nycv!?                                       Afeofra/  /fc/'s  \ 

Fig.  3. 

Longitudinal  Section  of  Failing. 


The  lengths  of  these  rods,  which  are  shown  in  Fig.  3,  have 
"been  computed  and  are  given  in  Table  III. 


Table  III. 
REQUIRED  LENGTHS  OP  RODS  FOR  MOMENTS . 


Mark 

Ho. 

Required  Length 

Actual 

Length 

Ft. 

in. 

Ft. 

in. 

°6 

,  1 

IE 

5 

23 

0 

°5 

1 

17 

8 

27 

0 

°4 

1 

21 

6 

31 

0 

c3 

1 

24 

10 

oo 

0 

c2 

1 

27 

10 

39 

0 

30 

4 

43 

0 

is 

47 

9 

47 

0 

C 

By  comparison  of  the  required  and  actual  lengths  in  Table  III,  it 
is  seen  that  all  of  the  rods  are  of  sufficient  length  to  care  for 
the  "bending  moments  at  the  various  sections. 

The  necessary  length  of  a  "bent  rod  to  develope  a  bond  stress 
equal  to  its  full  working  stress,  allowing  a  unit  bond  stress  of 
80  pounds  per  square  inch,  is, 

1  =  (16,000  x  1  1/4  x  1  1/4)  (4  x  80), 

«  78  inches. 

This  is  provided  for  in  all  oases.  For  the  nine  straight  rods  the 
maximum  bond  stress  is, 

U  =  maximum  shear  — s—  jd 

=  173,000  — 70.69 

■  2,450  pounds  per  lineal  inch. 
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The  unit  "bond  stress  is  ., 

u  =  2,450  -(9x4x1^) 
*  4 

s  54  pounds  per  square  inch. 
This  is  well  within  the  limit  as  specified  by  good  engineering 
practice . 

The  Effectiveness  of  Bent  Rods  in  Shear. — Each  rod  will  he  consid- 
ered at  its  point  of  intersection  with  the  neutral  axis  of  the  "beam 
Thus  consider  rod  C    at  point  a  ,  see  Fig.  3.     The  total  shear  is 
173,000  pounds,  see  Plate  IV.      Allowing  30  pounds  per  square  inch 
to  he  carried  by  the  concrete,  the  total  shear  cared  for  by  the  con 
crete  then  is, 

V    =  30  x  V  x  d 
=  43,200  pounds. 

The  shear  to  he  carried  by  the  reinforcement  is  173,000  -  43,200, 
which  is  129,800  pounds.     The  load  which  is  to  be  carried  by  one 
rod  is  given  by 

P  =  v'  b' s  cos  0 

24  x  129.800  x  cos  45° 
80.0 

=  27,500  pounds. 

This  load  will  cause  a  stress  of  27,500  -  fl-|  x  1^)  =  17,800  pounds 
per  square  inch.     As  this  is  above  the  usual  working  stress  of 
15,000  pounds  per  square  inch,  vertical  stirrups  will  need  to  be 
used. 

In  a  similar  manner  rod  C    at  point  a    will  be  considered, 
see  Fig.  3.     The  total  shear  is  159,500  pounds  and  that  carried  by 
the  concrete,  43,200  pounds.     This  leaves  116,300  pounds  to  be 
carried  by  the  reinforcement.     If  all  of  the  latter  is  carried  by 
one  bent  rod,  it  will  produce  a  stress  of  16,000  pounds  per  square 
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inch,  which  is  equal  to  the  allowable  working  stress. 

Hods  Cg  and  c^  were  investigated  in  a  like  manner  and  found 
to  he  subjected  to  stresses  of  14,600  pounds  per  square  inch  and 
11,900  pounds  per  square  inch  respectively. 

From  the  above  computations  and  Fig.  3  it  is  seen  that  ver- 
tical stirrups  are  required  for  the  first  six  feet  to  the  right  of 
the  support.     The  shear  in  the  following  four  feet  will  he  taken 
care  of  by  the  bent  rods  Cg  and  eg. 

Investigation  of  Stirrups . — These  were  investigated  by  computing 
the  shear  for  sections  arbitrarilsr  chosen  along  the  length  of  the 
beam.     These  sections  except  near  the  end  where  the  shear  is  car- 
ried in  part  by  the  bent  rods,  were  those  used  in  the  design,  see 
Fig.  4. 


Fig.  4. 

Sections  along  Girder  used  in 
Investigation  of  Stirrups. 


The  first  section  which  was  considered,  AB,  extends  from  the 
left  support  to  a  point  5  feet  and  5  inches  farther  to  the  right, 
see  Fig.  4.     The  shear  carried  by  a  stirrup  equals  the  total  shear 
minus  the  shear  carried  by  the  bent  rods  and  concrete,  and  in  this 
case  is  173,000  -  119,000  -  43,200  «  10,800  pounds.     The  load  on 
the  stirrup  is  given  by  P  =  7s  -5-  d  =  10,800  x  7.5  +  80  =  1,010 
pounds.     This  load  produces  a  stress  of  1,800  pounds  per  square  inch 
in  the  stirrups.     The  remaining  sections  BC,  CD,  and  DE,  see  Fig.  4, 
were  examined  in  the  same  manner.     In  BC  it  was  found  that  the  bent 
rods  can  resist  all  of  the  diagonal  tension  and  in  sections  CD  and 
DE,  that  the  stirrups  are  subjected  to  stresses  of  8,000  pounds  per 
square  inch  and  4,100  pounds  per  square  inch,  respectively.     All  of 
the  stresses  in  the  stirrups  as  found  by  the  above  computations  are 
considerably  below  the  allowable  working  stress.     This  permits  some 
of  the  stirrups  to  resist  any  unknown  stresses  and  also  to  add  to 
the  rigidity  of  the  girder. 

Investigation  of  Horizontal  Shear.— The  average  vertical  shear  at 
the  support  is  173,000  -f  18  x  80  =  120  pounds  per  square  inch.  The 
horizontal  shear  at  any  section  is  equal  to  the  vertical  shear  and 
since  the  maximum  unit  shear  is  150  per  cent  of  the  average  unit 
shear,  the  maximum  unit  horizontal  shear  in  the  girder  is  180  pounds 
per  square  inch.     This  gives  a  factor  of  safety  of  approximately 
five,  relative  to  the  horizontal  shearing  strength. 

Proportions  of  Girder  Cross-section. — The  girder  is  well  proportion- 
ed, according  to  rules  set  down  by  ''good  practice",  see  Fig.  5. 
For  large  massive  work  it  is  common  practice  to  make  "dn  not  larger 
than  3V   or  4V.     Here  nd,r  is  4.4b1.     Good  design  gives  1/4  d  as 
the  limiting  value  of  the  thickness  of  the  flange.     This  beam  con- 
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forms  to  the  above  as  "d"  is  80  inches  and  "tn  is  22  inches.  If 
the  flange  is  made  too  thin  in  comparison  with  the  width  of  the 
web,  the  shear  will  be  greater  along  the  lines  a— a  and  c-c  than 
along  the  line  a— c.     For  this  reason  the  width  "wTr  should  not  be 
greater  than  three  times  the  thickness  of  the  flange.     In  this  case 
"w"  is  five  inches  and  the  flange  is  22  inches,  showing  it  to  be 
well  within  the  required  limit. 


Table  IV. 
APPROXIMATE  PROPORTIONS 


Actual 

Limit 

d 

4.4b' 

=  <4V 

t 

0.28d 

>  0.25d 

w 

0.23t 

<3t 

Fig.  5. 
Cross— sect  ion 
Showing  Proportions. 

Art.  4.     The  Floor. 
Consider  a  transverse  section  one  foot  wide  along  the  center 
line.     It  and  the  girders  are  of  monolithic  construction  and  so  will 
need  to  be  considered  as  a  fixed  beam.     T7ith  dimensions  as  shown  in 
Plate  II  and  weights  as  in  Article  2,  the  dead  load  is  as  follows: 
Concrete,     145  x  20  x  22.5  4-  12  =  5,440  lbs. 

18    x  90  =  1,620  n 

0.35  x  18  x  100  =      630  " 

0.70  x  18  x  625  *      120  rT 


Macadam, 

Earth, 

Water. 


Total,   .  =  7,810 
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Mm  ' 


6'-  O' 


/O'-O' 


Since  this  is  a  fixed  beam  moments  were  taken  as  Yq^*  max~~ 
imum  dead  load  moment  then  is  7,800  x  20  x  12/10  =  187,400  pound- 
inches.     The  uniform  live  load  is  19.33  x  125  =  2,420  pounds  and 
the  moment  due  to  this  load  is  2,420  x  20  x  12/10  =  58,200  pound- 
inches. 

For  a  concentrated  live  load  of 
24  tons  over  an  area  of  12  feet  by  10 
feet,  the  equivalent  uniform  load  is 
400  pounds  per  square  foot,  see  Fig. 
6.     For  the  above  load  the  moment  is 
2,400  x  12  x  10  -  400  x  38/2  x  l/E  = 
201,600  pound-inches.     Then  the  max- 
imum moment  is  187,400  *  201,600  » 
389,000  pound-inches. 
The  amount  of  reinforcement  per  lineal  foot  longitudinally 
is  12  -r  4  3/4  =  2.52  bars.    As  these  are  one— inch  bars  the  steel 
area  per  lineal  foot  is  2.52  square  inches.     The  ratio  of  the  steel 
area  to  the  area  of  the  concrete  then  is  2.52  -f-  (12  x  20.5)  =  104 
per  cent.    Assuming  nnn  equal  to  15,  the  values  of  TTk"  and  "j"  are 
found  to  be  0.42  and  0.86  respectively.     3y  the  relation,  M_  = 


Fig.  6. 


Pig.  7.     The  Floor. 
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fckjbd2,  the  stress  in  the  steel  is  found  to  he  9,000  pounds  per 
square  inch.     By  a  similar  formula,  Mc  *  1/2  f0k;jbd2,  the  stress 
in  the  concrete  is  computed  to  be  430  pounds  per  square  inch. 
Both  of  these  stresses  are  below  the  usual  allowable  working 
stresses  as  used  in  floor  design. 

7  800 

Investigation  of  Shear. — The  maximum  shear  is  —  +  (6  x  400)  = 
6,300  pounds.  This  gives  a  unit  shear  of  6,300  — *—  (12  x  20.5)  = 
25.5  pounds  per  square  inch.  Since  concrete  can  easily  withstand 
a  shearing  stress  of  30  pounds  per  square  inch,  no  diagonal  rein- 
forcement is  required. 

Investigation  for  Negative  Moments . — The  dead  load  moment  is  as 
before,  —  187,000  pound— inches .     For  live  load  moment  l/lO  Wl 
will  be  used,  and  in  this  case  is  -4,800  x  20  x  12/10  ■  -  115,200 
pound— inches.     The  true  value  of  the  resisting  moment  of  the  bent 
rods  TTaJ,  and  ,fag,  see  Plate  II,  is  hard  to  determine,  but  with  the 
assumption  that  only  one  of  these  acts  in  conjunction  with  the  rod 
"a"  in  resisting  the  negative  moment  it  was  computed  that  fs  and 
f0  are  respectively  9,500  pounds  per  square  inch  and  560  pounds 
per  square  inch.     This  leaves  one  bent  rod  to  aid  the  concrete  in 
carrying  the  shear. 

The  length  of  bars  necessary  to  develope  a  bond  stress  equal 
to  the  full  working  stress  is  16,000  — i-  (4  x  80)  s  50  inches. 
This  length  is  given  in  all  cases.     The  maximum  possible  bond 
stress  is  determined  from  the  relation,  v  ■  V    t—  jd  and  is  358 
pounds  per  lineal  inch.     This  gives  a  unit  bond  stress  of  30  pounds 
per  square  inch  which  is  well  within  the  allowable  value,  75  pounds 
used  in  common  practice. 
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\rt.   5.     The  Columns. 
The  dead  load  on  the  columns  consists  of  the  weight  of  the 
railing,  floor,  and  macadam,  and  is  as  follows,  see  Tables  I  and 
II  and  Art.  2. 

Railing, 
Floor, 

Macadam,  9  x  47.5  x  90 
Earth,      315  x  47.5 
TCater,      59  x  47.5 

Total, 


=  103,300  lbs. 
=  125,200  " 
*    38,500  " 
=     15,000  " 


2,800  " 


284,800  " 

For  concentrated  live  load  it  is  assumed  that  when  the  rear 
wheels  are  at  the  edge  of  the  panel,  the  columns  receive  their 
total  weight.     This  amounts  to  16,000  pounds. 

The  uniform  live  load  is  125  x  47.5  x  9.67  =  57,400  pounds. 
The  maximum  load  on  each  column  then  is  284,800  ♦  57,400  =  342,200 
pounds . 

Investigation  of  End  Columns. — The  cross— sectional  area  of  column 
is  720  square  inches  and  of  steel  2.25  square  inches,  see  Fig.  8. 


2-e" 


Fig.  8. 

Cross— section  of  Column 


The  steel  ratio  is  2.25  — s-  720  « 
0.31  per  cent.     The  stress  in  the 
concrete  is  given  by  the  relation, 
P  ■  fQA( 1+n-lp) ,  see  Turneaure  and 
Maurer's  "Principles  of  Reinforced 
Concrete  Construction".    This  gives 
a  stress  of  420  pounds  per  square 


inch  in  the  concrete.     The  stress  in  the  steel  is,  f  a  nfQ  =  15  x 

s 

420  9  6,300  pounds  per  square  inch.     The  least  radius  of  gyration 

is  found  to  be  6.92  inches.     This  gives  a  slenderness  ratio  of 
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217      6.92  =  32,  see  Plate  I. 

Investigation  of  Intermediate  Columns . — The  intermediate  columns 
were  investigated  in  like  manner  as  above  and  the  stresses  in  the 
conorete  and  steel  found  to  be  380  pounds  per  square  inoh  and  5,700 
pounds  per  square  inch  respectively,  see  Plate  II  for  dimensions. 
The  slenderness  ratio  of  these  columns  is  29.     All  of  the  above 
stresses  and  ratios  are  in  accordance  with  good  design.     In  additionj; 
the  columns  are  well  reinforced  with  spirally  wound  Ho .  6  wire  used  ; 
to  hold  the  main  reinforcement  in  position  during  construction. 

Art.  6.     The  Footings. 
End  Footings . — The  load  coming  on  to  the  end  footings  is  almost 
entirely  a  vertical  one.     The  fill  has  been  allowed  to  take  its 
natural  slope  in  front  of  and  around  the  abutments  and  so  the  pres- 
sure due  to  surcharge  would  probably  be  that  in  back  of  the  curtain 
wall.     The  total  vertical  load  on  each  footing  is  one— sixth  of  the 
weight  of  the  bridge  and  the  live  load.     This  is  176,000  +  28,000  = 
204,000  pounds,  see  Table  I.     The  pressure  of  the  surcharge  may  be 
got  by  the  relation,  P  =  ^ph2 ,  see  Turneaure  and  Maurer's  "Prin- 
ciples of  Reinforced  Concrete  Construction",  p.  372.     This  pressure 
then  is  |  x  100  x  6  x  6  =  1800  pounds.     The  resultant  pressure  with 

the  live  load  both  on  and  off  the  bridge  comes  well  within  the 

W  mi 

"middle  third".     The  pressure  at  the  edge  "A"  is  —  ±  — r  where  W  is 
the  area  of  the  section  A— 3;     M  is  the  moment  of  the  horizontal 
pressure;     1  is  the  distance  A— B;  and  I  is  the  moment  of  inertia  of 
the  section  A— 3. 

This  gives  a  pressure  of  43  pounds  per  square  inch  and  31 
pounds  per  square  inch  at  A  and  3  respectively,     '"his  is  equivalent 
to  a  pressure  of  3  tons  per  square  foot,  v;hich  is  too  large  for  soft 


c 


/.3QO' 
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day,  the  subsoil  in  this  locality.     Piles  will  therefore  be  re- 
quired.    The  hearing  power  of  a  IE— inch  pile,  18  feet  long,  in  soft 

clay,  is,  according  to  I.  0.  Baker, 
34,000  pounds.     The  number  of  piles  re- 
quired is  204,000  -f  34,000  =  6.  The 
number  used  varied  from  12  to  18,  two  to 
three  times  as  many  as  required.  The 
pressures  at  C  and  D  were  computed  in  the 
same  manner  and  found  to  be  330  pounds 
per  square  inch  and  220  pounds  per  square 
inch  respectively.     These  pressures  are 
within  the  values  of  the  crushing  strengt: 
ordinarily  used  in  good  design.  The 

_j  f         factors  of  safety  against  overturning  at 

A  and  C,  with  bridge  loaded,  are  19  and 
14  respectively.     77ith  the  bridge  not 
loaded  they  are  slightly  smaller.  There 
is  no  danger  of  the  abutments  sliding  as  it  is  set  on  piles  which 
project  up  into  the  body  of  the  footing  and  the  pressure  of  the 
surcharge  is  slight . 

In  investigating  the  stress  in  the  steel  the  footing  was  con- 
sidered as  a  circular  plate,  7  feet  in  diameter,  carrying  a  uniform 
load  and  supported  by  a  column  2  feet  in  diameter,  see  Fig.  10. 
This  was  deemed  reasonable  as  the  footing  proper  is  7  feet  in  diam- 


Fig.  9. 
The  Footing. 


24"x?0" 
■P/a.  7-0' 


Fig.  10. 
Plan  of  Footing. 


eter  and  the  second  footing  is  5  feet  6 
inches  by  5  feet.     The  circumferential 
and  radial  moments  were  computed  by 
methods  outlined  in  Turneaure  and  Maurer's 
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"Principles  of  Reinforced  Concrete  Construction",  p.  272  and  272a. 
From  these  the  stress  in  the  steel  was  found  to  he  very  slight. 
Pier  Footings. — The  pier  footings  need  to  he  investigated  for  the 
effects  of  the  vertical  pressure  and  the  pressure  due  to  wind,  cur- 
rent, and  dehris.     The  pressures  due  to  wind  and  debris  are  proh- 
ahly  small,  and  that  due  to  current  is  given  "by  the  relation,  P  ■ 

swk-^-,  where  P  is  the  pressure  in  pounds,  s  the  exposed  surface  in 
2g 

square  feet,  k  a  coefficient  depending  upon  the  ratio  of  width  to 

length,  w  the  weight  of  cuhic  foot  of  water,  v  the  velocity  in  feet 

per  second,  and  g  the  acceleration  of  gravity.     In  this  case  P  = 

189  x  62.5  x  ifj  x  ^2  _  5,000  pounds  and  acts  9  feet  ahove  the  foot- 
'  64,4 

ing,  see  Plate  I  and  Fig.  11. 
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Fig.  11. 
Plan  and  Elevation  of  Pier. 

The  vertical  pressure  is  that  due  to  the  weight  and  live  load  of 
one— half  of  a  panel  of  the  structure  and  is  as  shown  in  Fig.  11. 
The  pressures  at  3  and  D  are  the  same  as  those  on  the  corresponding 
sections  of  the  abutments.     The  pressures  at  A  and  C  were  computed 
to  he  1.03  tons  per  square  foot  and  1.01  tons  per  square  foot 
respectively.    The  thrusts  due  to  dynamic  action  of  moving  loads 
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or  of  ice  need  not  be  considered  since  no  heavy  loads  moving  at  any 
great  rate  of  speed  come  upon  the  bridge;     and  no  ice  will  form  with 
the  water  at  its  high  mark.     The  factors  of  safety  against  overturn- 
ing and  sliding  are  high.     The  greatest  danger  of  failure  lies  in 
the  piers  crushing  along  the  section  E-E. 

The  shearing  stress  is  188,000      9  x  4  x  144  =  36  pounds  per 
square  inch  whioh  is  approximately  that  allowed  in  good  design. 

Art.  7.    Estimate  of  Cost. 
The  unit  prices  in  this  estimate  were  obtained  from  price 
lists  in  current  technical  periodicals  and  Gillett's  "Hand  Book  of 
Cost  Tata".    A  cubic  yard  of  1:2^; 4  gravel  concrete  was  estimated 
to  contain  1.51  barrels  of  cement,  0.47  cubic  yards  of  sand,  and 
0.79  cubic  yards  of  gravel.     The  estimate  of  the  cost  of  the  con- 
crete per  cubic  yard,  including  material  and  labor,  is  as  follows: 


C  ement ,     1 . 51  bbls . 

at  $1.35 

$2.04 

Hauling  cement  2  mi. 

at 

0.04 

per 

cwt . 

.24 

Sand,     0.47  cu.  yd. 

at 

0.90 

.42 

Hauling  sand  2  mi. 

at 

0.04 

per 

owt . 

.45 

Gravel,     0.79  cu.  yd. 

at 

1.30 

1.03 

Hauling  gravel  2  mi. 

at 

0.04 

per 

cwt . 

.70 

Steel,  126.1  lbs. 

at 

0.02 

2.52 

Hauling  steel  2  mi. 

at 

0.04 

per 

cwt . 

.05 

Placing  steel 

at 

O.OOj  per  lb. 

.31 

Forms,  lumber,  92  B.M.  less 
50  per  cent  for  salvage 

at 

30.00 

1.38 

Building  and  removing  forms 

0.75 

.75 

Hails 

at 

3.00 

.04 

Mixing  and  placing  concrete  at  0.75  .75 
Total  cost  of  material  and  labor  per  cu.yd. concretelO. 68 
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The  total  oost  of  the  structure  is  then  as  follows: 


Concrete,  541.7  cu. 

yds. 

at  $10.68 

Piles,  124  with  ave. 

length  of  18  ft. 

at 

1.80 

C CO . C U 

Driving  piles,  2232  ft. 

at 

0.23 

DJlO  tOO 

Excavation,  130  cu. 

yds . 

at 

0.25 

OcL  .  DU 

Expansion  plates 

15.00 

Oil 

±D  .  UU 

Tar  paper 

1  r\  fin 

±U  •  UU 

•}|>6d94 .  4^ 

Tools  and  machinery 

1% 

CK  CxA 

do.  y4 

Cost 

to  contractor 

$6660.36 

Profit 

1332.07 

Cost 

to  owner 

$7992.43 

As  a  matter  of  fact  this  is  $75.93  higher  than  the  contract 
price. 
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IV.     DESIGN  OF  STEEL  STRUCTURE. 

Art.  8.     Choice  of  Type. 

It  has  been  proven  "by  actual  experience  and  results  of  inves- 
tigation that  for  spans  between  100  feet  and  200  feet,  the  High 
Pratt  truss  is  most  economical  as  to  weight  of  material.     In  view 
of  the  above  fact  it  seems  proper  to  employ  such  a  structure  in 
this  case.     To  get  a  most  economical  bridge  the  height  should  be 
such  that  the  inclination  of  the  verticals  will  be  about  35  degrees, 
and  it  should  not  be  greater  than  one— tenth  of  the  total  span.  The 
length  will  depend  upon  the  necessary  area  of  waterway  and  required 
head  room  and  also  upon  its  effect  upon  the  quantity  of  material  in 
the  abutments.    After  an  investigation  of  the  profile  of  the  site  a 
span  of  144  feet  seems  most  desirable.     This  will  give  a  waterway  of 
approximately  140  feet.     For  the  sake  of  proportion  and  rigidity, 
the  height  should  not  be  less  than  22  feet. 

The  distance  between  trusses  depends  almost  entirely  upon  the 
width  of  roadway  required.     Since  this  bridge  is  so  near  a  large 
city,  a  roadway  of  considerable  width  is  desirable,  but  too  great  a 
distance  between  trusses  may  require  a  shorter  panel  length  or 
heavier  floor  system.     A  distance  of  18  feet  between  center  lines 
will  insure  a  roadway  of  17  feet  which  is  slightly  larger  than  the 
usual  width. 

Since  wood  floors  need  to  be  renewed  every  few  years  and  the 
present  price  of  good  lumber  is  high,  a  concrete  floor  is  deemed 
more  economical  when  both  first  cost  and  maintenance  are  considered. 
Therefore,  a  reinforced  concrete  floor  will  be  used  and  for  pur- 
poses of  design  will  be  assumed  to  be  17  feet  wide  and  6  inches  deep . 
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A  through  Pratt  truss  bridge  with  reinforced  concrete  floor 
and  following  dimensions  will  then  he  designed  for  comparison  with 
the  structure  now  in  use,  see  Plate  V. 

Length,      8  panels  at  18  feet  ■  144  feet; 
Height,  22  " 

Center  to  center  of  trusses  18  ,r 


Art.  9,     The  Loads. 
For  purposes  of  comparison  the  same  loads  will  he  employed 
here  that  were  used  in  the  design  and  investigation  of  the  other 
structure.     The  weight  of  the  truss  is  given  by  w  =  -^(262  —  0.96 
1  +  0»006    Is ) ♦  which  is  260  pounds  per  lineal  foot.     To  approx- 
imate the  weight  of  the  floor  system,  20  inch  "by  65  pound  I— beams, 
as  floor  beams,  and  12  inch  x  31.5  pound  I-beams,  as  stringers, 
spaced  2  feet  6  inches  apart  will  be  assumed.     For  connections  15 
per  cent  of  the  weight  of  the  floor  beams  will  be  allowed.  This 
approximation  is  as  follows,  see  Fig.  12: 

Floor  beams        65  x  18  =,1,170  pounds; 

Stringers  13  x  18  x  31.5  =  4,535  Tt 

Connections        1170  x  0.15        »      175  n 


Total,  5,880 


\ 

Fig  12. 
Floor  System 
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The  weight  of  the  concrete  floor  per  panel  is  17  x  18  x  145 

x  —  -  22,200  pounds.     The  panel  load  per  truss  is  then  as  follows: 

Truss  260  X  18  =     4,680  pounds; 

Floor  system    4535  x  =     2,270  " 

Floor  22,200  x  1      =  11,100 

2   1  

Total,    18,050 

The  uniform  live  load  per  panel  is  17  x  18  x  125  x  i  ■  19,100 
pounds. 

For  the  design  of  the  floor  and  floor  system  a  live  load  con- 
sisting of  24  tons  distributed  over  an  area  of  12  feet  by  10  feet 
will  be  used.     All  other  matters  of  design  not  covered  by  the  above 
will  be  governed  by  ''General  Specifications  for  Steel  Highv/ay  and 
Electric  Street  Railway  Bridges  and  Viaducts",  1909,  by  Theodore 
Cooper. 


Art.  10.    Design  of  Abutments. 
The  section  of  the  south  abutment  is  assumed  as  shov/n  in 
Fig.  13.     The  dimensions  of  the  bridge  seat  and  parapet  wall,  the 
batter  of  the  outside  face,  and  the  depth  of  the  footing  are  those 
ordinarily  employed  in  good  design.     The  dimensions  of  the  north 
and  south  abutments  are  different,  the  south  abutment  being  7.75 
feet  higher.     Only  the  la.tter  one  will  be  checked  for  stability. 
The  volume  of  the  body  of  the  abutment  is  the  area  of  the  cross- 
section  times  the  length,  22  feet.     This  'amounts  to  4,892  cubic 
feet;     and  the  weight  is  4,892  x  145  =  709,000  pounds.     The  weight 
of  the  bridge  is  124,000  pounds  and  the  vertical  thrust  of  the 
fill  over  the  entire  abutment  is  equal  to  the  weight  of  the  earth 
which  is  194,000  pounds.     The  horizontal  thrust  is  found  by  the 


/2- 
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relation,  P  =  iph£  t  where  "h"  is  the  height  and  "pn  the  unit  weight 
of  the  equivalent  fluid.     In  this  case  the  total  pressure  against 

the  abutment  is  J  x  25  x  28.28£  x 
22  =  220,000  pounds,  and  acts  9.4  feet 
above  the  bottom  of  the  footing,  see 
Fig.  13.     By  the  usual  method  the  cen- 
ter of  gravity  of  this  section  was 
found  to  be  5.83  feet  to  the  right  of 
the  section  TTAM.     The  resultant  of  the 
weights  of  the  abutment,  bridge,  and 
earth  at  the  back  was  found  to  be  7.6 
feet  to  the  right  of  "A".     The  result- 
ant of  the  vertical  and  horizontal 
forces  pierces  the  base  l.E  feet  in- 
side of  the  "middle  third".     The  lat- 
ter shows  the  structure  to  be  stable.     The  above  computations  are 
for  the  bridge  containing  no  load.     For  the  bridge  loaded  the  struc- 
ture would  show  still  greater  stability. 

Assuming  a  coefficient  of  friction  of  0.30,  the  factor  of 
safety  against  sliding  is  (771,000  ♦  194,000)0.30  -f  220,000  =  1.3. 
The  factors  of  safety  against  overturning  at  A  and  C,  see  Fig.  13, 
are  3.5  and  4.8  respectively.     The  pressures  at  A,  B,  0,  and  D  were 
found  as  in  Art.  6  and  are  2.3;  1.3;  2.3,  and  1.5  tons  per  square 
foot  respectively.     For  soft  clay  a  pressure  of  2.3  tons  per  square 
foot  is  too  great,  so  piles  will  need  to  be  employed.     Assuming  that 
the  frictional  resistance  of  a  pile  is  600  pounds  per  square  foot, 
then  the  bearing  power  of  a  12-inch  by  18-foot  pile  is  34,000  pounds 
The  total  load  on  the  piles  is  as  follows: 


Fig.  13. 
Cross-section  of  Abutment. 


30 


31 


Live  Load, 


144 
2 


x  17  x  125  =  153,000  pounds. 


Weight  of  ooncrete, 


=  709,000 


n 


rt 


earth, 


=  194,000 


it 


"  bridge, 


=  62,000 


Total  weight, 


1,118,000 


•T 


The  number  of  piles  required  is  1,118,000  -r  34,000  =  33. 

The  wings  are  straight,  or  more  correctly,  the  structure 
already  partially  designed  is  a  straight  abutment.     The  wing  walls  j 
were  made  one  foot  wide  on  top  and  allowed  the  same  batters  as  were 
given  the  body  of  the  abutment.     They  were  made  6  feet  high  at  the 
outer  ends.    The  earth  of  the  embankment  will  then  roll  9  feet  in 
front  of  the  wall  but  this  is  not  objectionable  as  high  water  never 
reaches  this  point.    These  wing  walls  were  investigated  at  two  dif- 
ferent sections  and  found  to  be  just  as  stable  as  the  body  of  the 
abutment.     They  require  19  piles  each.     The  plan  and  elevation  of 
the  south  abutment  are  shown  in  Plate  VI. 


The  stresses  in  the  truss  were  computed  by  the  usual  methods 
from  the  loadings  specified  in  Art.  9  and  are  shown  in  Plate  VII. 
The  upper  ones  are  dead  load  and  the  lower  ones,  maximum  and  min- 
imum live  load  stresses.     The  computations  of  the  stresses  in  the 
lateral  systems  and  portal  are  based  on  the  loadings  given  in  Art. 
39  of  the  specifications  and  are  also  shown  in  Plate  VII.  All  stress-' 
es  are  given  in  thousands  of  pounds. 


Art.  11.     Computation  of  Stresses. 


Art.  12.    Design  of  Members. 
Tension  Members. — For  the  main  tension  members  eye-bars  in  sets  of 
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two  will  "be  used.     The  effect  of  the  wind  stresses  upon  the  cross- 
seotional  area  was  investigated  and  found  not  to  he  of  sufficient 
importance  to  he  considered.    As  for  example  in  the  member  1^  Lz  the 
area  required  for  dead  load  is  49,500  -5-  20,000  =  2.47  square  inches 
and  that  required  for  live  load  is  54,500  -f  10,000  =  5.45  square 
inches.     The  total  area  required  then  is  7.92  square  inches.  The 
average  stress  over  this  area  for  "both  dead  and  live  loads  is 
(49,500  +  54,500)  -s-  7.92  ~  13,200  pounds  per  square  inch.  Increas- 
ing this  stress  30  per  cent  as  stipulated  in  the  specifications, 

I 

gives  17,200  pounds  per  square  inch.     The  total  stress  including 
the  wind  stress  is  136,300  pounds,  see  Plate  VII.  Then  the  total 
area  required  is  136,300  -i-  17,200  =  7.99  square  inches  or  an  in- 
crease of  0.07  square  inch  over  the  area  required  for  dead  and  live 
loads.     The  tension  memhers  were  then  designed  as  follows: 

For  the  memher  1^  ly  the  areas  required  for  dead  and  live  loads 
are  49,500  -f  20,000  =  2.47  square  inches  and  54,500  *  10,000  =  5.45 
square  inches.     Since  this  memher  is  to  consist  of  two  eye— hars, 
the  area  of  one  bar  is  7.92  -j-  2  ■  3.96  square  inches.     For  good 
design  a  depth  equal  to  or  less  than  six  times  the  thickness  should 
he  used.     For  these  bars  and  specifications  the  depth  then  is 
/6  x  A  ;  and  for  the  bar  in  question  d  ■    j$  x  3.96  =4.4  inches. 
By  consulting  a  Cambria  Hand  Book  it  is  seen  that  a  5  inch  by  13/16 
inch  bar  will  have  to  be  used.     This  has  a  cross-sectional  area  of 
4.01  square  inches.     The  remaining  tension  members  were  designed 
in  the  same  manner,  see  Table  V. 
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Table  V. 
TEES  I  OB"  MEMBERS. 


Mem- 
ber. 


L,L2 


L  L. 


U2L3 

1^4 


Section 


Eye-bars  49,500 
49,500 
85,000 
106,300 
55,900 
33,500 
11,200 
17,300 
Loop— barl  0 


Stresses 
lbs. 


Dead 
Load 


Live 
Load 


54,500 
54,500 
93,500 
116,900 
64,800 
46,300 
30,800 
19 , 100 
7,200 


Area 
Required 

Sq. in. 


7.92 
7.92 
13.60 
17.10 
9.27 
6.30 
4.64 
2.78 
0.72 


Ho. 
of 
Bars 


2 
2 
2 
2 
2 
2 
2 
2 
1 


Area 
of  one 

Bar 

Sq. in. 


3.96 
3.96 
6.80 
8.55 
4.64 
3.15 
2.32 
1.39 
0.72 


Section 
used 


Area  of 

Section 
used 
Sq. in. 


5"  x  A3" 
16 

16 


6"  x  1 
6,T  x  1 


TB" 

71 


5"  x  IS" 
b    *  16 

5"  x  |" 
4"  x  f 

^2    X  4 
1"  x  1" 


4.01 
4.01 
7.12 
8.62 
4.69 
3.75 
2.50 
1.88 
1.C0 


Intermediate  Posts. — U»  L* •     For  intermediate  posts  channels  latticed 


back  to  back  will  be  employed,  see  Fig.  14.  The  specifications 
limit  l/r  to  100  and  as  "1"  is  2.64  inches  "r"  must  be  at  least 
2.64  inches.     Two  8-inch  by  16.25  pound  channels  will  now  be  tried. 

The  value  of  l/r  is    264       2.89  =  91.4. 
The  allowable  stresses  are,  for  dead  loac} 
20,000  t  90  x  91.4  =  11,800  pounds  per 
square  inch  and  for  live  load,  5,900 
pounds  per  square  inch.     The  areas  re- 
Fig.  14.  quired  for  dead  and  live  loads  then  are 
Cross-section  of  all 

26,000  -r  11,800  =  2.21  square  inches  and 

Intermediate  Posts. 
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35,900  +  5,900  ■  6.08  square  inches.     The  total  area  required  is 
2. 81  +  6.08  =  8.29  square  inches.     The  actual  area  of  this  section 
is  2  x  478  =  9.56  square  inches.    TThile  this  section  has  a  surplus 
area,  yet  it  is  the  lightest  section  which  will  meet  the  require- 
ments of  the  specifications  in  regard  to  thickness  of  metal  and 
value  of  the  radius  of  gyration.     The  sections  for  the  remaining 
intermediate  posts  were  obtained  in  the  same  manner  and  are  to  he 
found  in  Table  VI. 


Table  VI. 
INTERMEDIATE  POSTS. 


Post 

Shape 

Section 

U2  I  , 
U3L3 
U4  L4 

Channels 

TT 
tf 

2  -  8"  x  16-# 
4 

2  -  7"  x  9s-  # 
4 

2  -  7"  x  9&  # 
4 

In  the  design  of  U*     the  specifications  rather  than  computations 
from  the  stresses  determined  the  section. 

Upper  Ohord  and  End  Post . — The  upper  chord  and  end  post  will  con- 
sist of  two  channels  back  to  back,  latticed  beneath  and  with  a 
cover  plate  on  top,  see  Fig.  15.     For  U4  U*  two  10— inch  by  20— pound 
channels  and  one  14  inch  by  3/8— inch  cover  plate  will  be  tried. 

The  least  radius  of  gyration  is  3.87 


e=/.4" 

t 

Fig.  15. 

Cross— section 
of  Upper  Chords. 


load  unit  stresses  are  18,400  pounds  per 
square  inch  and  9,200  pounds  per  square 
inch  respectively.     The  areas  required 
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are:     for  dead  load,  85,000  *  18,400  =  4. 62  square  inches;     and  for 
live  load,  93,500  +•  9,200  =  10.14  square  inches,  see  Plate  VII. The 
total  area  required  is  4.62  +  10.14  =  14.76  square  inches.  The 
actual  area  of  this  section  is  16.14  square  inches,  1.38  square 
inches  more  than  required.     The  remaining  members  of  the  upper  chore 
and  the  end  post  were  designed  in  the  same  manner.     The  computations 
for  the  latter  will  not  he  given  here  hut  the  results  are  shown  in 
Table  VII. 


Table  VII. 
UPPER  CHORD  AHD  END  POST. 


Member 

Shapes 

Sections 

2 

Channels 

10" 

X 

80  f 

1 

Cover  plate 

14" 

X 

8 

2 

Channels 

10" 

X 

1 

Cover  plate 

14" 

X 

zr 

8 

2 

Channels 

10" 

X 

25  # 

1 

Cover  plate 

14" 

X 

2T 
8 

2 

Channels 

10n 

X 

20  # 

1 

Cover  plate 

14" 

X 

8 

The  same  section  was  adopted  for  the  end  post  as  was  employed 
for  TJ±  JJg  .     This  has  an  excess  area  of  0.6  square  inch  for  direct 
stresses  but  will  have  to  be  investigated  for  stresses  due  to  its 
own  weight,  eccentricity,  and  wind.     The  general  relation  for  com- 
puting such  stresses  is, 
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in  which, 

S  =  stress  in  pounds  per  square  inoh  in  the  extreme  upper 
fibre  of  the  member; 

M  ■  exterior  moment  causing  the  stress; 

y  =  the  distance  from  the  neutral  axis  to  extreme  fibre; 

I  =  the  moment  of  inertia  of  the  section; 

P  =  direct  compressive  stress,  in  pounds; 

1  ■  total  length  in  inches;  and 

E  =  modulus  of  elasticity  of  steel. 

72 

The  vertical  component  of  the  weight  is  2090  x  — — —  ■        B  1600 

V'vS'E     .    75"?)  2 

pounds,  and  the  stress  due  to  weight  is: 

  x  1,600  x  18  x  12  x  3.77 

242  3  -  164.200  *  342* 
10  x  28,000,000 

=  900  pounds  per  square  inch  compression. 
The  stress  due  to  eccentricity  was  computed  in  a  similar  manner  and 
found  to  be  5,500  pounds  per  square  inch  tension  in  the  upper  fibre. 

With  respect  to  wind  stress  the  end  post  is  hinged  since  the 
product  of  height  times  the  wind  load  acting  at  the  hip,  I.TA  ,  is 
greater  than  the  product  of  the  direct  stress  times  distance  back 
to  back  of  channels.     The  extreme  fibre  stress  due  to  wind  was  found 
to  be  2600  pounds  per  square  inch.     The  direct  unit  stress,  wind 
neglected,  is  164,200  +  17.0  =  9,600  pounds  per  square  inch;  and 
this  added  to  2,600  pounds  per  square  inch  due  to  wind,  gives  a 
total  stress  of  12,200  pounds  per  square  inch.     The  average  allow- 
able unit  stress  for  dead  and  live  loads  is  9,800  pounds  per  square 
inch  and  when  wind  stresses  are  considered  this  may  be  increased  to 
9,800  x  1  1/4  =  12,200  pounds  per  square  inch.     The  section  of  the 
end  post  need  not  be  increased  for  any  of  these  stresses  just  con- 
sidered. 


4 
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Art.  13.     The  Details. 

Top  Lateral  Bracing. — Two  light  channels  latticed  together  for 
struts,  and  rods  for  diagonals,  will  "be  used.  In  order  to  decrease 
shop  cost  and  cost  of  drafting  all  struts  will  "be  made  of  the  same 
section.  The  greatest  stress  in  the  struts  of  the  upper  lateral 
system  is  that  in  Ugtfz  and  is  25,400  pounds,  see  Plate  VII.  According 
to  Art.  51  of  the  Specifications  this  will  he  increased  "by  80  per 
cent  of  5,400  pounds.  All  struts  in  this  system  must  then  "be  de- 
signed for  a  compressive  stress  of  9,700  pounds.  The  ratio  l/r  must 
"be  less  than  1E0;  and  as  the  length  is  216  inches  the  limiting 
value  of  "r"  is  1.80  inches.  Two  6-inch  by  8-pound  channels  were 
found  to  he  more  than  sufficient  to  meet  the  above  requirements. 

The  maximum  stress  in  the  diagonals 
is  found  in  U2'U2  ,  see  Plate VII,  and  is 
9,400  pounds.    With  a  unit  stress  of 
18,000  pounds  per  square  inch,  an  area 
of  0.50  square  inch  is  required.  Rods 
one  inch  in  diameter  will  be  used.  The 
Specifications,  in  Art.  20,  require  a 
system  of  overhead  sway  bracing  as  shown 
in  Fig.  16.     For  this  bracing  5-inch  by 
6.5-pound  channels  and  7/8-inch  rods  will 
be  employed. 

3ottom  Lateral  System. — In  the  plane  of  the  lower  chord  the  struts 
are  replaced  by  the  floor  beams.     The  areas  required  in  the  diag- 
onal LJ LA  ,  see  ?latevntare,  for  dead  load  13,100  -4-  18,000  =  0.73 
square  inches,  and  for  live  load  11,200  -f  15,000  ■  0.75  square 
inches.     The  total  area  required  is  1.48  square  inches  which  will 


Fig.  16. 
Sway  Bracing, 


\ 

I 

J 
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"be  supplied  by  a  rod  13/8  inches  in  diameter.     For  the  remaining 
diagonals  1  3/l6-inoh  rods  will  be  used.     These  give  excessive 
cross— sectional  area  hut  are  the  smallest  permitted  by  the  Speci- 
fications. 

The  Portals. — The  horizontal  strut  was  designed  in  the  same  manner 
as  were  the  intermediate  struts.    An  allowance  of  80  per  cent  of 
the  smaller  stress  was  made  for  reversal  of  stress.     The  most  econ- 
omical section  was  found  to  be  two  7-inch  by  9.75-pound  channels 
latticed  together.     For  the  diagonal  members  it  was  found  that  they 
must  be  designed  for  approximately  the  same  stress  as  was  the  hor- 
izontal strut,  therefore,  the  same  section,  two  7-inch  by  9.75- 
pound  channels,  will  be  used  here.     For  the  secondary  diagonals  two 
4,T  x  4n  x  £T  angles  will  be  employed. 

The  Floor  Joists. — In  the  design  of  the  joists  it  will  be  assumed 
that  the  total  load  of  24  tons  is  divided  among  four  of  them.  The 
maximum  live  load  moment  occurs  when  the  loads  are  placed  as  shown 
in  Fig.  17,  and  is  3,750  x  5.7  x  12  =  209,300  pound  inches. 

The  dead  load  consists  of  the 
concrete  floor  and  the  joist  itself. 
This  has  been  computed  to  be  3,260 
pounds  or  181  pounds  per  lineal  foot. 
The  dead  load  moment  under  the  first 
load  then  is  76,500  pound-inches. 
The  total  moment  is  209,300  +  76,500 
=  285,800  pound-inches;     and  the  sec- 
tion modulus  required  is  M  -s-  S  ■ 
285,800  4-  13,000  =  22.0  inches8.  A 


S.7 


67 


/s'-o 


Fig.  17. 
Position  of  Loads  for 
Maximum  Moment. 


10— inch  by  25— pound  I-beam  has  this  required  section  modulus. 
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Floor  Beams. — The  dead  load  on  each  floor  "beam  is  as  follows: 
Floor,  18  x  18  x  1/2  x  145    =    23,500  pounds; 

Stringers,     18  x  18  x  25  =      3,600  " 

Floor  beam,  65  x  18  ■      1,200  TT 

Total,  =     28,300  n 

The  moment  due  to  dead  load  is  28,300  x  18  x  12/8  =  763,000  pound- 
inches.     For  the  concentrated  live  load  it  was  assumed  that  the 
maximum  loading  is  reached  when  the  rear  wheels  are  directly  over 
the  "beam.    Each  of  the  small  wheels  transfers  8/18  of  8,000  =  3,550 
pounds  to  the  floor  "beam.     The  beam  is  then  subjected  to  two  loads 
of  19,550  pounds  each.     The  maximum  moment  occurs  when  the  center 
of  gravity  of  the  loads  is  as  far  from  the  center  of  the  "beam  as 
one  of  the  loads.     This  position  of  loads  gives  a  moment  of 
1,408,000  pound-inches.     The  uniform  live  load  moment  is  consider- 
ably less  than  the  above,  so  the  total  maximum  moment  is  gotten  by 
adding  the  dead  load  and  concentrated  live  load  moments,  and  is 
2,170,000  pound-inches.     The  necessary  section  modulus  is  2,170,000 
•f-  13,000  ■  166.2  inches3.     To  get  such  a  section  modulus  a  24-inch 
"by  80— pound  I-beam  must  he  used. 

The  Floor. — The  floor  designed  by  I.  0.  Baker  and  shown  in  Fig.  18 
will  "be  employed  on  this  bridge.     The  stresses  in  the  steel  and 
concrete  will  now  "be  investigated.     Considering  a  transverse  sec- 

4oef**ar/M>du//# &r /2 tion  one  foot  wide  and  with  the  live 


load  distributed  as  shown>it  was  com- 
puted by  the  Theorem  of  Three  Moments 
that  the  maximum  negative  moment  oc- 
curs at  the  third  joist  and  is  28,500 
inch  pounds.     The  moment  for  the  dead 


Fig.  18. 
Baker  Floor. 
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load,  75  pounds  per  lineal  foot,  under  this  support  is  11/14S  TJ1Z  = 
500  pound— inches .     The  maximum  positive  dead  and  live  load  moments 
were  found  to  "be  10,400  and  600  pound— inches  respectively,  making 
a  total  moment  of  11,000  pound-inches.     The  effective  depth  is  5 
inches.     The  values  of  p,  p' ,  k,  and  j  were  computed,  and  are  1.S5 
per  cent,  1,25  per  cent,  0.38,  and  0.9.     The  stress  in  the  lower 

steel  is:  29.000 
f  «  = 


s      0.9  x  5  x  0.75 


=  8,600  pounds  per  square  inch. 

The  stress  in  the  concrete  is: 

f    =  8.600  x  0.38 
c  15  x  0.62 

=  351  pounds  per  square  inch. 
By  a  similar  relation  the  stress  in  the  upper  reinforcement  is: 

f      =  15(0.38-0.2)  x551 
8  0.38 

=  2,490  pounds  per  square  inch. 
From  the  above  stresses  it  is  seen  that  this  floor  is  sufficiently 
strong  for  a  loading  several  times  larger  than  the  one  employed, 
see  Art.  9. 

Art.  14.     Estimate  of  Material. 
The  estimate  of  the  steel  was  made  from  the  sections  shown  in 
Plate  VII    and  the  lengths  of  the  various  members  used  were  those 
"between  center  lines.     The  percentages  of  details  added  to  the 
weights  of  the  members  were  taken  from  an  estimate  of  a  similar 
structure,  the  latter  estimate  having  been  made  from  detailed  draw- 
ings.    The  weight  of  the  steel  in  the  structure  designed  in  this 
thesis  is  given  in  Table  VIII. 


Table  VIII. 
ESTIMATE  OF  WEIGHT. 
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Ref. 


Ho.  of 
Pieces 


Shape 


Length    height  wpJfl.ht 
Section  — T~"  Per  foot  VelS^ 

Ft-in*      lbs.  Lbs' 


Total 
Weight 

Lbs. 


8 
1 


2 
1 


2 
1 


4  End  Posts,  L^U*  ,  each  thus:- 
Channels         10Ttx2Q$    28    5  SO.O 


Cover  Plate  14Mx  g  28 
Details,  28  per      B  cent 


17.9 


Total  Weight  of  4  End  Posts,  2093.1x4  = 


1,128.0 
507.2 
457.9 

2,093.1 


8,372.4 


4  Upper  Chords,  U±UZ  ,  each  thus:— 

Channels  10"x20#    18    0  20.0 

Cover  Plate    14"x  &      18    0  17.9 


Details,  28  per 


8 


720.0 
321.5 

cent  291.6 
Total  Weight  of  4  Upper  Chords,  1,333.1x4  = 


5,332.4 


8  Upper  Chords,  Ug U3  ,  U3  U*  ,  each  thus:— 
Channels  10,Tx25#    18    0        25.0  900.0 


Cover  Plate  14"x  18 
Details,  28  per      8  cent 


17.9 


321.5 
342.0 
1,663.5 


Total  Weight  of  8  Upper  Chords,  1563.5x8  * 


12,508.0 


8  Lower  Chords .  L„ L2 .  each  thus:  — 

Eye-bars  5"x  1|"     18    0  13.8 

Details,  12  per    16  cent 


496.8 
59.6 
"BT674 


'otal  Weight  of  8  Lower  Chords,  556.4x8  ■ 


4,451.2 


4  Lower  Chords,  L*L3,  each  thus:— 


Eye-bars 


6"xl 


3" 


Details,  12  per 


16 


18  0 


24.2 


cent 


871.2 
104.5 

"WfWTf 


Total  Weight  of  4  Lower  Chords,  975.7x4  = 


3,902.8 


4  Lower  Chords  LsL#,  each  thus:— 
Eye-bars         6"xl         18    0  29.! 

Details,  12  per  cent 


1,054.8 
126.6 


1,181.4 

Total  Weight  of  4  Lower  Chords,  1,181.4x4  ■ 


4,725.6 


Table  VIII.  Continued. 
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Ref. 
No. 

Ho.  of 
Pieces 

Length    Weight  Weie.nt 
Shape           Section    -7*-    P*r  foot  w°;snT 

Pt .  in.     t-u  Lbs. 

Total 
Weight 

7 

2 

4  Hip  Verticals.  Ik  Li .  each  thus:- 

Eye-bars          2inx  £"     22    0        6.4  281.6 
Details,  12  per  cent  33.8 

314.4 

Total  Weight  of  4  Hip  Verticals,  314.4x4  = 

1,257.6 

8 

2 

4  Intermediate  Posts.  U* L2 .  each  thus:— 

Channels          8"xl6^#    18    0      16.25  585.0 
Details,  50  per  cent  292.5 

877.5 

Total  Weight  of  4  Intermediate  Posts, 87 7. 5x4 

=3  510.0 

9 

2 

6  Intermediate  Posts.  V3  L3  .  U4L4.,  each  thus: 

Channels          7TTx9|"#    18    0        9.75  351.0 
Details,  50  per  cent  175.5 

526.5 

Total  Weight  of  6  Intermediate  Posts, 526. 5x6 

=3,159.0 

10 

2 

4  Diagonals.  li  L?,  each  thus:— 
Eye-bars          5nx  ^      28    5      15.9  903.1 
Details,  12  per  c6nt  108.4 

1,011.5 

Total  Weight  of  4  Diagonals,  1011.5x4  = 

4,046.0 

11 

2 

4  Diagonals.  tfe  L3 f  each  thus:— 

Eye-bars          5"x  §"       28     5      12.8  727.0 
Details,  12  per  cent  87.2 

814.2 

Total  Weight  of  4  Diagonals,  814.2x4  = 

3,256.8 

12 

2 

4  Diagonals.  U3L4..  each  thus:— 

Eye-bars          4"x           28    5        8.5  482.8 
Details,  12  per  cent  57.9 

540.7 

Total  Weight  of  4  Diagonals,  540.7x4  = 

2  162.8 

13 

1 

4  Diagonals.  L^U* .  each  thus:- 

Loop  bar         1"  x  ln     28    5        3.4  96.6 
Details,  20  per  cent  19.3 

115.9 

"otal  Weight  of  4  Diagonals,  115.9x4  ■ 

463.6 
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Table  VIII.  Continued. 


Ref. 
Ho. 

Ho.  of 

Pieces 

Shape       Section   £2HS«l  J^f^  WeleM 

n-  in-     IDs.  I1)S- 

Total 
Weight 

14 

S 

5  Ton  Lateral  Struts    each  thus:— 
Channels          6"  x  8#    18    0        6.0  216.0 
us  ustiio ,    is  pep  cenu  xcks.u 

378.0" 

Total  Weight  of  5  Top  Lateral  Struts , 378 . OxE 

m  1,890.0 

15 

10  Ton  Lateral  Rods,  each  thus:— 

1 

Rod                   1"  0          25    5        2.7  68.6 
Details,  10  per  cent  6.9 

75.5 

Total  Weight  of  10  Top  Lateral  Rods, 75. 5x10 

755.0 

16 

2 

5  Sway  Struts,  each  thus:— 

Channels          5"  x  6^#  18    0        6.5  234.0 
Details,  65  per  cent  152.1 

386.1 

Total  Weight  of  5  Sway  Struts,  386.1x5  a 

1,930.5 

17 

1 

10  Swav  Rods    each  thus:— 
Rod                  £  0            18     5        2.0  36.8 
Details,  10    8  per  cent  3.7 

40.5 

Total  Weight  of  10  Sway  Rods,  40.5x10  ■ 

405.0 

18 

p 
14 

Bottom  Lateral  System. 

nuu.o                          Quit                                       •  <~>t/Tt.u 

Rods                 Iff  0        25    5        3.8  1,351.2 
jjeoaixo,   ad             per  ceiio                             <c*tw.  » 

Total  Weight  of  Bottom  Lateral  System 

1,845.9 

19 

2  Portals,  each  thus:- 

2 
4 
4 

2 

Channels          7nx  9f"    18    0        9.75  350.0 
Channels          7"x  94f"  10  10        9.75  431.9 
Angles             4nx4"x  V   4    6      25.6  460.8 
Angles             4tTx4"x^      8    6      25.6  435.2 
Details,  40  per  cent  670.9 

3,348.8 

Total  Weight  of  2  Portals,  3,348.8x2  = 

6,697.6 

45 


Table  VIII.  Continued. 


Ref . 
No. 


No.  of 
Pieces 


Shape        Section  length    height  height 

Ft.  in.Pe^00t  Lbs. 

LDS  . 


Total 
Weight 


20 


21 


22 


23 


24 


25 


26 


36 
12 
12 
4 


22 
10 


2 
2 


32 


432 
408 


7  Floor  Beams  t  each  thus:- 

I-Beam  24nx80#  18    0      80.0  1,440.0 

Details,  12  per  cent  172.8 

1,612.8 

Total  Weight  of  7  Floor  Beams,  1,612.8x7  = 


Floor  Joists. 

I-Beams  10nx25#  18  0  25.0 

Channels  10Mxl5#  18  0  15. C 

I-Beams  10Mx25#  19  6  25.0 

Channels  10"xl5#  19  6  15.0 

Total  Weight  of  Floor  Joists 


16,200.0 
3,240.0 
5,850.0 
1,070.0 


Chord  Pins. 


Pins  3£  0  1    2  32.7 

Pins  5*  0         12  24.0 

Screws  and  Nuts,  10  per  cent 


841.7 
280.8 
112.3 


Total  Weight  of  Pins 

4  Pedestals 

Roller  Pedestals  600#  each 
Fixed  Pedestals      275#  each 

Total  Weight  of  Pedestals 

2  Stringer  Bearings 
I-Beam  8"xl8#    18    0  18.0 


1,200.0 
550.0 


648.0 


4  Guard  Pails 


Channels 


5"x6 


1" 

2~ 


18    0        6.5  3,744.0 


Reinforcement  in  Floor 

Rods  17  0 

Rods  c±  18  0 


0.85 
0.67 


Total  Weight  of  Reinforcement 


6,242.4 
6.242.4 


11,289.6 


26,360.0 


1,234.8 


1,750.0 


648.0 


3,744.0 


12,484.8 


Total  Weight  of  Steel  in  Bridge  115,698.0 

Exclusive  of  Floor  Reinforcement. 


46 

The  volume  of  the  south  abutment  was  computed  "by  separating 
the  wing  walls  from  the  "body  of  the  abutment,    ^ne  cross-sectional 
area  of  the  body  is  221.1  square  feet,  see  Plate  VI,  and  its  length 
22  feet.     Its  volume  is  221.1  x  |^  =  180.1  cubic  yards.     The  volume 
of  the  wing  walls  was  determined  by  averaging  the  end  areas.  The 

average  end  area  is  122.96  square  feet, 
see  Figs,  13  and  19.     The  length  of  wing 
walls  is  28.87  feet  and  the  volume  of 
each,  122.96  x  ^M  =  131.5  cubic  yards. 
The  total  volume  of  the  south  abutment  is 
180.1  +  (131.5  x  2)  =  443.1  cubic  yards. 
The  volume  of  the  north  abutment  was  com- 
puted to  be  175.5  cubic  yards,  making  a 
Pig.  19.  total  of  618.6  cubic  yards  of  concrete  in 

Cross-section  of        both  abutments. 
End  of  Wing  Wall. 

Art.  15.     Estimate  of  Cost. 
The  estimate  of  the  cost  of  the  super-structure  will  be  divid- 
ed into  fl)  the  cost  of  material  at  shop,   (2)  the  cost  of  fabrica- 
tion, (3)  cost  of  transportation,   (4)  cost  of  erection,  and  (5) 
profit.     The  cost  of  the  material  will  now  be  considered.  The 
weights  used  are  those  given  in  Table  VIII.     In  the  last  market 
report,  May  2,  1912,  the  average  price  of  structural  steel,  f.o.b. 
at  the  mills  was  given  as  1.205  cents  per  pound.    The  cost  of  the 
steel  at  the  shop  in  Chicago  then  is: 

Average  cost  of  steel  at  mill,  1.205  cents  per  pounc 

Waste  in  fabrication,  4  per  cent,  0.048  TT 

Paint  material,  0.010  n 
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r*  Airt".  ft 

b  oil  I/O 

X       IJKJ  \XXl\JL 

Average  cost  of  steel  at  shop, 

1.438 

TT 

tt  n 

1  tlQ 

cost  of  fabrication  per  pound  of  steel  is  as  follows: 

Draixing  at  -po.uu  per  ton, 

0.100 

cents 

Average    mjeso    ui    eiiujj   nux  a( 

0.550 

IT 

n  H 

Total  shop  cost. 

0.650 

T 

TT  Tt 

i  xie 

cost  of  the  steel  at  the  station  nearest 

the  site,  Springfield, 

is: 

Cost  of  steel  at  shop, 

1.438 

cents 

per  pou.iiu. 

Shop  cost 

0.650 

tt 

TT  TT 

Freight  Chicago  to  Springfield 
at  21.1  cents  per  cwt., 

0.211 

tt 

TT  TT 

Total, 

2.299 

TT 

TT  TT 

The 

cost  of  erection  may  be  itemized  about  as  follows: 

Hauling  62.0  tons  2  miles  at  20  cents 
per  ton  mile  and  50  cents  for  loading 
and  unloading,  1 

62.00 

False  work,  30  piles  18  ft.  long 
at  $0.10, 

90.00 

Driving  400  ft.  piling  at  $0.23, 

82.00 

Timber,  6,000  ft.  B.M. —  1/2  price, 
at  $15.00, 

90.00 

Placing  timber,  6,000  ft .B.M. at $8. 00 

48.00 

Labor,  erecting  and  bolting,  24  days 
at  $4.00, 

96.00 

Driving  1,200  rivets,  at  $0.07 

84.00 

Transportation  of  men  and  toolB, 

70.00 

Painting,  2  coats,  62  tons,  at  $1.00 

62.00 

Total  cost  of  erection,  $( 

>84.00 
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This  structure  was  designed  for  a  reinforced  concrete  floor  and  the 

cost  of  this  is: 

Concrete  4.60  cu.  yds.  at  $7.80  (see  Art.  7)  $35.88 
Steel,  12,485  lb.  at  0.02  1/4  280.91 
Total  cost  of  floor,  f 316. 79 

A  summary  of  the  cost  of  the  super— structure  is  as  follows: 

Steel,  115,698  lb.  at  2.29  cts.  #2,659.90 

Floor,  316.79 

Erection,  648.00 

Bidding  expenses,  25.00 

f37649 . 69 

Profit,  15  per  cent,  547.45 
Total  cost  of  super-structure,  $4,197.14 
Cost  of  Substructure. — The  abutment  will  be  a  1:2^:4  gravel  con- 
crete.    A  cubic  yard  of  concrete  will  contain,  as  stated  in  Art.  7, 
1.51  barrels  of  cement,  0.47  cubic  yards  of  sand,  and  0.79  cubic 
yards  of  gravel.     The  estimate  of  a  cubic  yard  of  concrete  in  place 
is  as  follows: 


Cement,  1.51  bbls., 

at 

$1.35 

$2.04 

Hauling  cement  2  miles, 

at 

0.04 

per 

cwt . 

.24 

Sand,  0.47  cu.  yds., 

at 

0.90 

.42 

Hauling  sand  2  miles, 

at 

0.04 

per 

cwt . 

.45 

Gravel,  0.79  cu.  yds., 

at 

1.30 

1.03 

Hauling  gravel  2  miles, 

at 

0.04 

per 

cwt. 

.70 

Forms,  lumber  85  ft.  B.M.  less 
50  per  cent  for  salvage, 

at 

30.00 

1.28 

Building  and  removing, 

at 

0.60 

.60 

Hails, 

at 

3.00 

.03 

Mixing  and  placing  concrete, 

at 

0.60 

.60 

Total,  $7.39 
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The  total  cost  of  the  substructure  is: 

Concrete,  618.6  cu.  yds.,                at  f?,g9  #4,571.45 

Piles,  130  with  ave.  length  of  18ft.     0.10  234.00 

Driving  2200  ft.  piling              at    0.23  506.00 

Tools  and  machinery,                                 1$  53. 11 

Cost  to  contractor,  5,364.66 

Profit,                                                       15$  804.70 

Cost  to  owner,  ^6,169.36 

The  total  cost  to  owner  of  the  steel  structure  including  "both 
superstructure  and  substructure  is  ^4,197.14  -f  $6 ,169. 36 =$10, 366. 50. 
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V.     COMPARISON  OF  STRUCTURES. 

Art.  16.  Durability. 

An  estimation  of  the  life  of  any  engineering  structure  can 
"be  nothing  more  than  an  approximation.     For  aid  in  prophesying  the 
lives  of  the  two  structures  which  have  been  discussed  in  this 
thesis,  the  experiences  of  others  and  statistics  on  the  durability 
of  similar  structures  must  be  consulted. 

Concerning  the  durability  of  concrete,  we  have  sufficient 
knowledge  since  it  has  been  employed  as  a  material  of  construction 
for  several  thousand  years.     The  effect  of  the  elements  upon  con- 
crete can  be  accurately  judged  by  their  actions  upon  it.     There  is 
at  present  no  reason  known  why  it  should  not  last  indefinitely,  but 
for  comparison  some  specific  length  of  life  must  be  used.  This 
will  be  taken  as  75  years. 

The  durability  of  steel  structures  depends  upon  several  fac- 
tors such  as  quality  of  design,  character  of  inspection  during  con- 
struction, and  the  care  with  which  it  is  maintained  after  having 
been  constructed.     Steel  bridges  remain  fit  for  service  for  periods 
of  time  ranging  from  15  years  to  40  years,  depending  upon  the  con- 
ditions named  above.     The  structure  just  designed  conforms  to  a 
widely  accepted  set  of  specifications  and  had  it  been  built,  it 
would  have  been  erected  under  the  supervision  of  highly  competent 
engineers.     After  construction  its  maintenance  would  probably  have 
been  looked  after  by  men  well  acquainted  with  the  deterioration  of 
such  structures.     Therefore  to  set  the  length  of  life  of  this 
bridge  at  25  years  seems  to  be  a  fair  estimate  of  its  usefulness. 
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Art.  17.  Cost. 

In  first  cost  the  advantage  lies  with  the  concrete  structure, 
the  difference  "being  $10,366.50  -  $7,992.43  =  $2,374.07.     In  a  com- 
parison of  costs  the  maintenance  is  usually  a  factor  which  must  not 
he  overlooked.     The  concrete  structure  needs  no  special  care  after 
construction,  hut  the  steel  "bridge  should  he  inspected,  repaired, 
and  painted  every  three  years.     This  maintenance  would  cost  about 
$75,  or  $25  annually.     To  correctly  state  the  cost  of  each  structure 
in  terras  of  capital  we  must  consider:     (l)  the  first  cost;     (2)  the 
annual  cost  of  maintenance  capitalized  at  the  current  rate  of  inter- 
est;    (3)  the  capital  which  must  he  added  to  care  for  the  deprecia- 
tion.    The  latter  sum  must  he  such  an  amount  which  when  placed  at 
compound  interest  will  provide  a  sum  sufficient  to  renew  the  struc- 
ture at  the  expiration  of  its  life.     These  three  sums  when  added 
together  will  he  sufficient  to  construct  and  perpetually  maintain 
the  structure.     This  may  he  expressed  by  the  following  equation: 

S  =  C  +  £  + 


r  (l+r)n__i/ 
where 

S  =  the  total  necessary  capital; 

0  =  cost  of  renewal,  assumed  equal  to  first  cost; 
0  =  annual  cost  of  maintenance; 
n  =  life  of  the  structure  in  years;  and, 
r  =  current  rate  of  interest. 
In  the  case  of  the  concrete  structure  this  is: 

S  =  $7,992.43  ♦  0  +  7.992.4|  

(1+0.04)  -1 

=  58,437.69; 
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and  for  the  steel  "bridge  the  capital  necessary  for  construction  and 
maintenance  will  "be: 

S  .  $10,366.50  ♦  -to  ♦  ftP.M6.6p 

0.04      (1*0. 04)^-1 

*  ^17,198.98. 

From  the  above  computations  it  is  seen  that  from  this  standpoint 
the  concrete  structure  is  much  cheaper,  its  total  capitalized  cost 
being  less  than  one-half  of  that  of  the  steel  structure. 

Art.  18.  Appearance. 
A  comparison  of  the  appearance  of  the  two  structures  is 
largely  a  matter  of  opinion.     The  concrete  bridge,  although  massive 
has  a  not  unpleasing  appearance,  the  monotony  "being  broken  somewhat 
by  the  panel  effect  of  the  girders.     The  average  steel  bridge  has 
an  unsightly  appearance  since  no  extra  cost  is  allowed  for  purposes 
of  decoration.     The  appearance  of  such  bridges  can  be  improved  con- 
siderably by  artistic  portals,  panel  effects  in  the  abutments,  etc. 
Although  the  structure  in  place  has  not  the  appearance  of  being 
proportionate  in  its  various  parts,  yet  it  is  believed  safe  to  say 
that  many  engineers  would  prefer  it  to  the  steel  bridge. 
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vi.  couciusioir. 

Almost  all  of  the  factors  which  determine  the  choice  of  a 
"bridge  point  to  the  concrete  structure.     The  latter  is  cheaper,  more 
durable,  and  has  at  least  just  as  pleasing  an  appearance.  However, 
the  general  conclusion  that  a  reinforced  concrete  structure  is  al- 
ways preferable  for  such  a  highway  span,  must  not  he  made.  Highway 
bridges  are  usually  built  by  the  smaller  contractors  who  have  had 
little  real  technical  training  or  experience  and  so  a  reinforced 
concrete  bridge  built  without  outside  supervision  is  very  often 
liable  to  prove  a  failure. .  In  such  cases  a  steel  bridge  owing  to 
a  wider  dissemination  of  knowledge  of  structural  work,  would  prob- 
ably be  more  desirable. 


